Background: Shexiang Baoxin Pill (SBP) is one of the most commonly used traditional Chinese patent medicines for cardiovascular diseases. This systematic review was designed to provide rigorous therapeutic efficacy and safety evidence on the use of SBP combined with trimetazidine in elderly patients with heart failure (HF) secondary to ischaemic cardiomyopathy (ICM).
Introduction
Ischaemic cardiomyopathy (ICM) is one of the cardiovascular diseases defined as diffuse akinesis of the left ventricle with systolic dysfunction caused by chronic myocardial ischaemia. [1] To date, ICM is still the most common cause of heart failure (HF), accounting for approximately 60% of cases worldwide. [2] Due to the terminal stage of various heart diseases, it is believed that HF is associated with a significantly higher rate of mortality and Availability of data and materials: The datasets used and/or analyzed during the current study are available from the corresponding author on reasonable request.
The authors confirm that there are no known conflicts of interest associated with this publication and there has been no significant financial support for this work that could have influenced its outcome. morbidity in human beings. [3] Despite the multiple remarkable advances in interventional cardiology and modern optimal medical therapy for the treatment of ICM-related HF, patients with ICM have a poor prognosis even after comprehensive revascularization and especially with LV systolic dysfunction. [1] One of the most important challenges for drug advancement is the improvement of a more effective and rational drug for ICM due to HF.
Over the last few decades, traditional Chinese medicine (TCM) has provided opportunities for the treatment of various diseases. Simultaneously, integrative medicine has emerged as an increasingly useful and complementary approach to allopathic medicine. As a result, TCM as a whole medical system has become an accepted and integral component of integrative medicine. [4] Shexiang Baoxin Pill (SBP), a treasured TCM formula for cardiovascular diseases, is derived from a classical TCM named Suhexiang Pill prescription recorded in Prescriptions of the Bureau of Taiping People's Welfare Pharmacy. There are 7 substances present in SBP, including Moschus, Radix Ginseng, Cortex Cinnamomi, Borneolum Syntheticum, Styrax, Calculus Bovis, and Venenum Bufonis. [5] Moschus is the main component with notable activity and lower adverse effects in the treatment of angina pectoris and chest tightness. [6] It has been widely used for the treatment of coronary heart disease and myocardial ischaemia in clinics. [7] SBP has been widely used in the treatment of coronary heart disease and myocardial ischaemia. [8] Recent years, a number of studies have shown SBP's characteristics on attenuating mitochondrial injury of cardiomyocytes and the mechanisms are related to anti-inflammatory, anti-oxidative stress, improving lipid metabolism and protecting mitochondrial function. [9, 10] Thus, SBP exhibited prominent therapeutic effects on cardiovascular disease and metabolic syndrome.
Trimetazidine is one of the anti-angina pectoris cardiovascular drugs. A large number of preliminary studies have shown that trimetazidine maintains normal energy metabolism in ischaemic or hypoxic cells and increases reduced levels of intracellular ATP. Moreover, trimetazidine reduces left ventricular work load and improves both the clinical condition and quality of life of elderly patients with ischaemic heart disease. [11] A previous study preliminarily demonstrated that SBP has a cardio-protective function by simultaneously reducing the area of myocardial infarction area and promoting angiogenesis. [12] In recent years, an increasing number of references have reported the clinical efficacy of combined SBP with trimetazidine in elderly patients with ICM and HF without serious adverse events or reactions. [13] Nevertheless, until recently, there has been a lack of comprehensive evidence to support the efficacy and safety of SBP. Therefore, to promote the rational application of Chinese patent medicine in clinical practice, this research aimed to evaluate the benefits efficacy and side effects of SBP therapy for ICM based on results from randomized controlled trials (RCTs).
This study was performed to assess whether SBP combined with trimetazidine is associated with improved therapeutic efficacy and cardiac function indexes, including left ventricular ejection fraction (LVEF), left ventricular end-diastolic diameter (LVEDD) and left ventricular end-systolic diameter (LVESD). Simultaneously, 6-minute walk distance (6-MWD), plasma brain natriuretic peptide (BNP) level, N-terminal pro-brain natriuretic peptide (NTProBNP), serum hypersensitive C-reactive protein (hs-CRP), and side effects are discussed to identify the appropriate scientific evidence regarding SBP in the treatment of ICM with HF. This study may also independently provide more useful evidence that will stimulate further research on the therapeutic value of SBP. Thus, an extended meta-analysis with detailed outcomes regarding clinical efficacy and adverse reactions is reported (Fig. 1 ).
Materials and methods

Protocol and registration
This manuscript had been registered in PROSPERO (https://www. crd.york.ac.uk/PROSPERO/#joinuppage) and the registration number is: CRD42018087688. 
Ethics approval and consent to participate
Due to this study does not involve animal and patient experiments, the ethics approval and consent to participate are not applicable. 
Search strategy
Inclusion criteria
Two investigators (JXW and JW) independently examined the titles and abstracts of all searched databases to access the trials for inclusion. Based on the search strategy outlined above, the full texts of articles were retrieved if there was any doubt about including an article. A table with the English translation of all the titles and the English abstracts was reviewed by 2 other reviewers (XHL and YXY). The inclusion criteria were: randomized controlled trials (RCTs) with any length of follow-up; the diagnostic criteria of included trials were based on the internationally accepted criteria for the diagnosis of HF secondary to ICM in elderly patients; one or more outcome measures were included, such as clinical efficacy, LVEF, LVEDD, LVESD, BNP, NT-ProBNP, and 6-MWD, and adverse reactions during the scheduled treatment and follow-up. Any discrepancy in opinion regarding inclusion was resolved by consensus.
Exclusion criteria
Trials meeting the following conditions were excluded: non-RCTs; failed account of diagnostic criteria; absence of any quantitative outcome measures included in trials; others: including duplicate publications reporting the same trials, non-clinical experiments, reviews, mechanism research, or animal experiment.
Data collection process
The basic information about patients or participants such as intervention, comparisons, outcomes (total efficacy rate, safety), and type of RCTs was extracted and summarized by 2 investigators (JXW and LZ) independently. Any processes for obtaining and confirming data were carried out by 2 investigators (XHL, YXY). Each RCT was validated independently by 2 reviewers (JW, YLZ) who were blinded to the authors or results. All reviewers independently performed the screening of studies, selection, validation, and data extraction. The predesigned data extraction template was used to retrieve information from the included studies. Disagreements on the assessment of data were resolved by discussion and consensus was reached in all cases. Any unclear information would contact with authors. A number of responders and the total number of participants in the experimental and control groups for each study were extracted for dichotomous outcomes. The mean change and standard deviation for the mean in each trial were extracted along with the total number for continuous outcomes (e.g., LVEF, LVEDD, LVESD, 6-MWD).
Observation index
In this systematic review and meta-analysis, the observation indexes were clinical efficacy and safety of SBP, which were clinically relevant when evaluating the pharmacology of SBP in relation to the probable mechanisms. According to the New York Heart Association (NYHA) classification, clinical efficacy is defined on 3 levels: markedly effective rate: patients achieve complete remission or cardiac function improves above level II; effective rate: patients achieve partial remission or cardiac function improves to level I. Signs and symptoms are relieved to a certain degree; ineffective rate: patient with cardiac insufficiency improves to level I, or signs and symptoms are not significantly improved. In severe cases, death ensues. The total effective rate is equal to the markedly effective rate plus the effective rate. As for safety of SBP, all the adverse reactions of SBP reported in literature were fully recorded in this study, which may help the clinician make a right decision when using SBP for the treatment of HF secondary to ICM. That is, if the existing adverse reactions of SBP affect the patient's condition, it will be used as an appropriate regimen.
Risk of bias in individual studies
The methodological quality assessment was carried out using the Cochrane Handbook for Systematic Reviews of Interventions. [14, 15] Six domains including random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias) were used for the methodological quality of each included trials. For all the relevant outcomes in the relevant domains, the quality of each item was classified using a nominal scale: "Yes" (low risk of bias), "No" (high risk of bias), or "Unclear" (unclear risk of bias).
Statistical analysis
Statistical analysis was performed by Review Manager 5.3 software (The Cochrane Collaboration, Copenhagen, The Nordic Cochrane Centre). For measurement data, dichotomous variables were presented as risk ratio (RR), while continuous outcomes were presented as the mean difference (MD) with 95% confidence intervals (CIs). As a quantitative measure of inconsistency, the I-square (I 2 ) statistic was used to assess heterogeneity. A fixed effect model was performed for minor heterogeneity when I 2 was <50%. Random effect model was applied when I 2 was >50%. Subgroup analysis was used to evaluate the 2 combination therapy schedules of the control group. Moreover, sensitivity analysis was performed to evaluate the reliability of the meta-analysis results. Potential publication bias was evaluated using funnel plot analyses.
Results
Identification of eligible studies
A total of 396 articles were identified as potentially eligible records. As shown in Fig. 1 , the removal of 275 duplicate publications left 121 articles for further screening. For the preserved records, 79 were excluded based on title and abstract, and 42 full articles were used for further assessment. Among the latter, 3 articles were non-RCTs, 5 papers were reviews of animal models, 2 articles were non-relevant RCTs, 6 trials were low quality, and 8 papers for other reasons were excluded. Finally, 18 studies [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] with 1532 patients with HF secondary to ICM who met the criteria were included in the meta-analysis. The flow diagram of the study screening is shown in Fig. 2. 
Characteristics of the included trials
The characteristics of the 18 included studies with 1532 patients (770 patients in the experimental group and 762 patients in the control group) were investigated. As shown in Table 1 , 1922 male patients accounting for 60.2% and 610 female patients accounting for 39.8% were included in this systematic review. The age of the participants ranged from 44 to 85 years. Among them, 8 studies [16, 21, 24, 26, 28, 30, 31, 33] reported the course of the disease from 1 to 18 years. Fifteen research studies [16] [17] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [31] [32] [33] reported the NYHA classification between II and IV according to the "Criteria Committee of the New York Heart Association." [34] Additionally, the duration of 77.8% of the trials was 6 months. For the dosage of SBP and trimetazidine; SBP was 2 pills, 3 times a day and trimetazidine was 20 mg, 3 times a day. Finally, the intervening measures between the experimental group and the control group were clearly outlined in Table 1 . Conventional treatment (CT) included nitrates, statins, angiotensin converting enzyme inhibitors (ACEI), b-receptor blockers, diuretics, and calcium channel blockers. Since trimetazidine is conventionally used for cardiovascular disease, the control group was defined as conventional treatment with or without trimetazidine. The characteristics of included studies are shown in Table 1 .
Methodological quality of included trials
The methodological quality for each included study was evaluated according to the Cochrane risk of bias estimation. All the included trials were RCTs, among which 3 trials used random number tables [30] [31] 33] and 2 trials that employed lottery randomization [21, 25] were designated as low risk. However, 4 trials that used therapeutic randomization method [24, 26, [28] [29] were designated as high risk in random sequence generation and allocation concealment. None of the studies reported blinding of participants and personnel or blinding of outcome assessment. Incomplete outcome data and selective reporting were performed in 1 record [16] (Fig. 3) .
Clinical efficacy
The clinical efficacy was the most commonly used measure to evaluate the therapeutic efficacy of SBP combined with trimetazidine in patients with ICM. Sixteen trials [16] [17] [19] [20] [21] [22] [23] [25] [26] [27] [28] [29] [30] [31] [32] [33] provided data comparing the clinical efficacy between the experimental and control groups (Fig. 4) . A fixed-effect model was used for the meta-analysis of these studies. The results showed that the combination of SBP and trimetazidine was associated with a relatively greater improvement in the total efficacy rate in the treatment of ICM secondary to HF (RR = 1.25, 95%CI [1.19, 1.325], P < .00001).
LVEF improvement
LVEF can be stable and reliable in reflecting left ventricular function. It is an important indicator for the diagnosis of myocardial pump function and has been widely used for the assessment of HF and for the evaluation of drug efficacy in clinical diagnosis and drug research. Among the included Figure 2 . Flow diagram of study selection.
Wen literatures, 11 [16] [17] [20] [21] [23] [24] [25] [26] 28, [30] [31] studies showed that the increase in LVEF was significantly better in the SBP combined with trimetazidine and conventional treatment groups than in the control group. As shown in Fig. 5 , there was substantial heterogeneity in the LVEF improvement (P < .00001, I 2 = 84%). A random effects model was used to pool this meta-analysis. Meta-analysis showed that the LVEF of patients in the experimental group was much higher than that in the control group (MD = 6.68, 95% CI [5.92, 7 .43], P < .00001). Sensitivity analysis found that Lin et al [13] demonstrated significant heterogeneity compared with the other study.
The decrease of LVEDD and LVESD
Both LVEDD and LVESD are the indexes of cardiac function that obviously increase in patients with HF secondary to ICM. In this study, a total of 8 [16, 18, [20] [21] 23, 26, [30] [31] studies with 748 subjects investigated measurements of LVEDD, and a total of 5 [23, 24, 28, 30, 33] trials with 356 patients assessed those of LVESD between the experimental and control groups. There was no heterogeneity of these 2 indexes, and the fixed effect model was performed for analysis (LVEDD, P = .20, I 2 = 29%; LVESD, P = .80, I 2 = 0%). The results showed that SBP combined with trimetazidine significantly decreased LVEDD (MD = À6.18, 95% CI, [À6.80, À5.56], P < .00001) (Fig. 6A) and LVESD (MD = À7.96, 95% CI, [À9.66, À6.25], P < .00001) compared with the control group (Fig. 6B) . These 2 indicators represented the improvement in cardiac function and indicated that SBP combined with trimetazidine ameliorated cardiac function in patients with ICM-induced HF.
The comparison of 6-MWD
The 6-MWD was used as a supplemental parameter of hemodynamics. In this systematic review, 5 studies [16, 24, 26, 28, 30] with 534 patients reported the level of 6-MWD. There was no heterogeneity found among individual trials (P = .81, I 2 = 0%) (Fig. 7 ) and fixed effect model was conducted for analysis. The pooled analysis suggested that SBP combined with trimetazidine therapy significantly improved 6-MWD compared with the control group (MD = 62.07, 95% CI [54. 43, 69 .71], P < .00001). Meanwhile, the exercise endurance of HF patients was observably increased.
Subgroup analysis of different control groups
Twelve trials [17, [19] [20] [21] [22] [23] [25] [26] [27] [30] [31] 33] contained trimetazidine plus conventional treatment as a control group, and 6 trials [16, 18, 24, [28] [29] 32] included conventional treatment alone as a control group. Therefore, a subgroup analysis was performed to identify whether there was any influence between these 2 schemes. Notably, 2 trials [18, 24] with a conventional treatment alone did not report the clinical efficacy of SBP combined with trimetazidine compared with a control group. The subgroup analysis of these 2 schedules of control groups demonstrates no obvious heterogeneity in either the trimetazidine plus conventional treatment (P = .68, I 2 = 0%) group or the conventional treatment alone (P = .90, I 2 = 0%) group. The pooled analysis suggested that there was a significant difference between these 2 schemes. The pooled analyses indicated that trimetazidine plus conventional treatment (RR, 1.27; 95% CI, 1.19-1.35; P < .00001) (Fig. 8A) showed greater improvement in the total efficacy rate compared with the conventional treatment alone (RR, 1.22; 95% CI, 1.12-1.34; P < .00001) (Fig. 8B) .
Adverse reactions
Adverse events were not mentioned in 7 [19] [20] 23, [25] [26] 30, 32] of the studies (38.9%), while 11 [16] [17] [18] [21] [22] 24, [27] [28] [29] 31, 33] (61.1%) reported that adverse reactions were observed during the treatment. Re-hospitalizations or adverse reactions and death in the SBP plus trimetazidine group and the control group were listed in Table 2 . Neither of the 2 groups experienced any serious adverse reactions during the treatment in the 2 studies. [28, 33] The side-effects included digestive symptoms such as abnormal bowel sounds and slight diarrhea, as well as headache, dizziness [18, 24, 31] . Impairment of liver and kidney function was also observed. [21] Though mortality is a very important indicator in the assessment of side-effects of administered medicine, these trials only reported the number of deaths rather than the cause and gave very inaccurate descriptions of the cause of death. Moreover, the studies were not designed to evaluate mortality as primary outcome measure. In summary, the incidence of adverse Figure 7 . Forest plot of 6-MWD comparing the experimental group and control group. P and I 2 are the criterion for the heterogeneity test. ♦ pooled mean difference, -▪-mean difference and 95% CI. 6-MWD = 6-minute walk distance. www.md-journal.com events in the treatment group was significantly lower than that in the control group. Thus, the use of SBP combined with trimetazidine represents a better therapy for patients with HF secondary to ICM.
Other outcomes
Plasma brain natriuretic peptide (BNP) and serum hypersensitive C-reactive protein (hs-CRP) were selected as outcome measures in 2 trials [23, 28] with 146 patients. Only 1 trial [23] reported the level of N-terminal pro-brain natriuretic peptide (NT-ProBNP), and 1 trial [25] evaluated heart rate. For these 4 indicators, no significant differences were found between the 2 groups before treatment, while all of the levels in the SBP plus trimetazidine and CT groups were significantly lower than those in the control group after therapy.
Publication bias
Publication bias was expressed by the use of a funnel plot based on the data for clinical efficacy. Sixteen trials [16] [17] [19] [20] [21] [22] [23] [25] [26] [27] [28] [29] [30] [31] [32] [33] were included in the funnel plot and are detailed in Fig. 9 . The Table 2 The adverse reactions and mortality of included trials. 
Discussion
Heart failure (HF) is a global epidemic with increasing prevalence due to an ageing worldwide population with increasing comorbidities. [35] Ischaemic cardiomyopathy due to heart failure is one of the comorbidities. ICM has been widely recognized as one of the primary causes of death and disability with a high mortality and morbidity and is a serious threat to patient health and quality of life. [36] Worse still, the prognosis of patients with heart failure is quite poor. [37] Currently, several therapeutic medicines are available to treat HF that have improved survival, including ACE-I, beta-blockers (BB), angiotensin receptor blockers (ARB), diuretics, antiarrhythmic medications, vasodilators, calcium channel blockers (CCB), and statins. However, for the other types of HF, only a novel blocker of the funny channel and a combination of hydralazine/isosorbide dinitrate improved survival, while the previously listed agents only improved signs and symptoms. [38] For patients with HF due to ICM, the use of drugs is aimed at improving blood flow, balancing the electrolyte disturbance, and regulating the heart rate. Nevertheless, the longterm use of conventional agents [39] is associated with adverse reactions and side-effects. Therefore, more effective agents for treating patients with ICM due to HF are desirable.
TCM has been playing a significantly important role in treating cardiovascular diseases in the elderly for the past 2000 years. As mutually complementary, TCM combined with western medicine will have potential benefits for elderly patients with cardiovascular diseases with fewer side effects. [40] A previous meta-analysis comprehensively evaluated the clinical efficacy of SBP combined with trimetazidine in the treatment of ICM and HF in elderly patients. [13] This study indicated that SBP combined with trimetazidine had potentially increased clinical efficacy, LVEF, and 6-MWD, while LVEDD decreased significantly when compared with conventional treatment. In this systematic review, we further assessed the effect of SBP combined with trimetazidine on ICM due to HF and provided more extensive findings. First, the clinical efficacy of SBP combined with trimetazidine was evaluated according to the "Nomenclature and criteria for diagnosis of diseases of the heart and great vessels" developed by the criteria committee of the New York Heart Association, 9 th ed [34] and was reported based on the NYHA classification, which were directly related to the improvement of patients with ICMassociated HF. Second, since an individual patient's long-term prognosis and lower mortality rate is related primarily to his or her cardiac function, [41] the cardiac function indexes such as LVEF, LVEDD, LVESD were systematically evaluated. Moreover, trimetazidine is commonly used in treating cardiovascular diseases and improves myocardial energy metabolism and protects both myocardial cells and blood vessel endothelia. [42] Thus, trimetazidine may be used in conventional therapy especially for patients with angina. SBP combined with trimetazidine has certain clinical effect in treating elderly patients with HF secondary to ICM and the mechanisms may be related to reduce the plasma BNP level and serum hs-CRP level. [43] In this study, subgroup analysis was performed because the control group was comprised of patients taking conventional treatment with and without trimetazidine. Furthermore, we also assessed the medication-associated adverse reactions of SBP/trimetazidine combination therapy as well as publication bias.
In this study, the overall meta-analysis demonstrated that, compared with the control group, SBP combined with trimetazidine therapy significantly improved the total efficacy rate in the treatment of ICM-related HF in elderly patients. In addition to the positive influence in the control group, a more significant increase in LVEF and 6-MWD as well a reduction in LVEDD and LVESD were observed in the experimental group with an estimated mean. Subgroup analysis indicated that conventional treatment with trimetazidine for the control group had greater clinical efficacy compared with conventional treatment alone. However, more rigorous and well-designed RCTs should be performed owing to the small samples in this systematic review. Furthermore, no serious adverse events were observed in any of the included trials. Though the plasma level of BNP, hs-CRP, and NT-ProBNP were only reported in 2, 2, 1 trial, respectively, their levels were all significantly lower in the SBP plus trimetazidine and CT than in the conventional treatment group. Additional trials would provide a better database for further clinical research. Even though the clinical efficacy and safety of SBP combined with trimetazidine were comprehensively analyzed with a large number of trials and strict methodologies, the existence of potential publication bias indicated that there were still limitations of this study still. First, characteristics of the included trials were not reported in full detail, such as the age of patients, course of disease, and NYHA classification. Second, with regard to methodological quality, it must be noted that both the blinding of participants and personnel (performance bias) and blinding of outcome assessment (detection bias) were not reported in any of the trials. Generally, independent ethics committees at each study site should approve the study protocol, and all patients should provide written informed consent before initiation of study-specific procedures. However, there were a seriously low number of trials that reported this statement of ethics. All the included trials were published in Chinese. In addition, the presence of publication bias indicated that this may influence the results of this systematic review. Finally, due to small sample size among the included studies, subgroup analysis was not performed in this study. Because of these limitations, more rigorous and well-designed RCTs are needed to confirm these findings.
Conclusion
Overall, this systematic review suggested that SBP combined with trimetazidine provides an obvious clinical efficacy for the treatment of HF secondary to ICM, indicating that the combination therapy has some clinical potential. However, due to the small samples and generally lower quality studies included in this review, we expect more evidence from high quality trials to confirm advantages of the extensive clinical use of SBP for elderly patients with ICM-related HF.
